GC-FID methods for the analysis of Petroleum hydrocarbons were developed and optimised. Contamination of soil from the Niger Delta was investigated about 40 days after crude oil spillage from the Shell Petroleum marginal well head. Soil samples and controls were collected at depths of 0 -15 cm, 15 -30 cm and 30 -60 cm. Samples were analysed using gas chromatography fitted with a flame ionisation detector. Penetration and migration of C 10 -C 26 and C 26 -C 34 hydrocarbons through the soil layers were assessed by cluster analysis to determine the spatial distribution, penetration and similarity of these compounds over the contaminated area. The results also indicated elevated levels of total hydrocarbon contents when compared with the reference sites. Recommendations are made to carefully monitor and remediate the environment.
Introduction
Environmental pollution due to the increasing release of hazardous and toxic substances into the soil, water, sediment and air in Niger Delta, Nigeria has been a widespread problem in recent years. Indeed soil contamination by oil exploration activities has quickly become a considerable environmental issue [1] [2] [3] .
It is obvious that petroleum contamination of soils and water has become a topic of interest and is attracting increasing attention because of the carcinogenic, mutagenic and toxic effects. [4] [5] [6] . The aim of this work was to study, de-velop and implement validated and traceable methodology for qualitative and quantitative assessment of petroleum contaminants in soils of Niger Delta under tropical weather conditions. The method involved the use of a Gas Chromatograph (GC) fitted with flame ionisation detector capable of split injection with a Varian CP-Sil-GC capillary column and Combi Pal. Optimum extraction time for the soil samples was established using dichloromethane (DCM) by comparing the extraction efficiencies of other solvents.
Gas chromatography is one of the most powerful, popular, unique and readily versatile analytical techniques used for the separation, identification, and quantitative assay of compounds in the vapour state. It still remains the most important single technique for oil spill identification partly because the equipment is relatively available, and easy to operate with small amount of operator time and considerable amount of information can be gathered on using a high resolution (capillary) column. This study sought to establish the concentration of the contaminants, and apply cluster observation analysis to characterize chemically similar hydrocarbons over the contaminated area. This analytical information would be usefully employed in each petroleum spill site to access the level of contamination and to efficiently and safely remove the spilled petroleum products from the soil with the aim of returning the soil back to a useable form. Attempts for complete removal may not be practically more attainable than to remediate the soils to the concentration levels that will be harmless to plants, fauna, human health and the entire ecosystem [7] [8] . The way to handle, dispose or reuse non-hazardous petroleum contaminated soils has received attention [9] .
Experimental

Sampling
Sampling is considered a vital and one of the most crucial steps in the procedure of analysis of organic contaminants in soils and sediments of our environment [10] [11] . A sampling site was located in Ikot Ada Udo, Ikot Abasi in Akwa Ibom State, South-South Niger Delta, Nigeria. At this site, soil and water have been repeatedly subjected to petroleum spillages and crude oil leakages from a Shell marginal oil pipeline. An initial site investigation survey [12] was carried out on the site prior to sampling. Forty seven (47) samples were taken from the site at three points around the well head (Table 1) . Table 2 shows the location number, sample number, distance from the well head and direction coordinates of samples.
Sample Collection
Auger boring often provides the simplest method [13] for soil investigation. A hand soil auger (Nickel-plated carbon steel, 3'' diameter) was used to collect soil samples from the site by taking about 6 -10 auger borings at random grid at sampling points to depths of 0 -15 cm at the top soil, 15 -30 cm at mid Representative soil samples from the auger were taken into fresh polythene bags with seal and further placed in a pre-cleaned glass bottle with a clean Teflon-lined lid. Approximately 500 g of soil was collected at each sample depth.
Four control site samples (duplicate sample blanks) were taken from the same geographically uncontaminated soil to determine the background levels of petroleum hydrocarbons for comparison with the contaminated soil.
Preservation and Transportation
The entire sampling exercise was carried out in one day. The average ambient temperature was 28˚C. All the samples were placed in icebox and transported to the laboratory. Storage was done at 4˚C until analysis was completed in two weeks.
Sample Preparation, Extraction and Clean-Up
Extraction of petroleum contaminants from the soil took place prior to analytical determination. Soxhlet extraction with modified Brinkmann Büchi automated apparatus was used. Soxhlet extraction is a U. S. EPA [14] and ASTM [15] approved method for semivolatile and non-volatile organic contaminants from solid materials such as soil. All samples were extracted using the Soxhlet extraction procedures as outlined in U.S. EPA method 3540 [14] and ASTM method D5369 [15] Delta favoured efficient extraction with DCM as solvent.
Materials and Methods
In 
Sample Collection, Preservation and Extraction
About 500 g of labelled petroleum contaminated soil samples were collected into zipped plastic bags and put into a glass jar sealed with Teflon lined cap. Nickel plated carbon steel hand auger was used in scooping the soil at three different depths of 0 -15, 15 -30, 30 -60 cm.
The samples were preserved in the field using methanol and stored at 4˚C until analysis. Extraction was done using Brinkmann Buchi automated apparatus. were applied. Detector (FID) and injector temperature were 320˚C and 300˚C respectively. The Diesel Range Organics (DRO) reference standard was analysed along with the prepared laboratory standard to validate the eluted peaks ( Figure 1 ). The peaks eluted from all the five standards C 10 , C 11 , C 14 , C 15 and the reference standard, DRO (C 10 -C 25 ) were analyzed concurrently in order to ascertain the reproducibility of the chromatographic optimization process.
Results and Discussion
Method Validation
The three reference standards-DRO, alkane mix and BTEX were analysed with the sample at the same time using the optimised method (Figure 2) . The sample, chromatogram 3, had no trace of BTEX. The inability to elevated levels of BTEX peaks in the sample could be attributed to their solubility in soil water, atmospheric temperature, type and extent of contamination [19] and evaporation [20] of the light crude oil on exposure for sometime time before sampling and analysis.
All the petroleum contaminants in the soil that were qualitatively identified and quantitatively validated fell within C 10 to C 34 ( Figure 3 ). Sample number 3 (top soil-A3.1) was used to represent the other samples because it showed the widest spread of the contaminants in the optimized retention time window method with the last compound eluting at 45.73 min. RTWs were established to compensate for the minor shifts in absolute retention times as a result of sample loadings and normal chromatographic variability.
The overall concentration of total petroleum hydrocarbon (TPH) of each sample depth at the site were established and presented in Table 3 .
In Table 3 , the TPH concentration for the top soils (15 cm depth) range from (9 ± 7 to 289 ± 15 mg•kg −1 ). The mid or sub-soils (30 cm depth) had a concentration range of (8 ± 1 to 318 ± 4) mg•kg −1 and a range of (7 ± 1 to 163 ± 15 mg•kg The greatest depths measured (60 cm) in most of the samples recorded had significantly low value of TPH though concentrations of total petroleum hydrocarbons did not decrease generally with depth.
The concentration of TPH at the mid/sub-soil (15 -30 cm) depth was higher than the concentration range reported by [21] [22] [23] for oil spilled soils of other parts of Niger Delta. However, no significant level of TPH was recorded for the control soil samples taken from similar geographical non-spilled areas. The samples showed elevated concentration of TPHs when compared with control samples in all the sites. The high levels of TPH contamination observed in this study for spilled soils far exceeded the fifty parts per million (50 mg•kg −1 or ppm) compliance baseline limit [24] set for petroleum industries in Nigeria.
High concentration levels of hydrocarbons present in contaminated sites could pose a health risk to humans, plants and animal lives. Assessment of the penetration capability of the hydrocarbon contaminants were carried out. It became imperative to assess the type of hydrocarbons and the extent of depth Soil sample A4 in Figure 6 showed 66% of DRO in the top soil and 100% in both the mid and lest depth of soil measured. WOO had 34% presence in the TS and was significantly not detected at the mid soil and last level measured.
BTEX range of volatile organics were not detected in this analysis partly due to its reduced concentration resulting from evaporation after prolonged exposure of the spill before sampling was undertaken.
Conclusions
A method for the analysis of soils spilled with crude oil was developed and optimized. The results in this study revealed that the TPH concentration in the all the levels of soil strata measured ranged from 7 ± 1 to 318 ± 4 mg•kg −1 . The concentrations and penetration ranges for two groups of TPHs-C 10 -C 26 (Diesel Range Organics) and C 26 -C 34 (Waste Oil Organics) were recognised.
Despite limited information on the migration and depth penetration of hydrocarbons in soils, data from this study showed the types, distribution, migration and penetration capability of the petroleum hydrocarbon contaminants in the study area.
The spatial distribution and penetration pattern of petroleum contaminants at the investigated site were established as an informative guide to the Government and oil industries during remediation process.
